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Case Study Analysis of Six Sigma in Singapore 
Service Organizations  
 
A. Chakrabarty and K.C. Tan, Department of Industrial and Systems Engineering,  
National University of Singapore, Singapore  
 
 
Abstract–This paper presents a Six Sigma case study analysis 
involving three service organizations of Singapore. The 
organizations are a local hospital, a construction and related 
engineering service, and a consultancy service. These 
organizations embarked on their Six Sigma journey around 
2003-2004.  Though the hospital was slightly ahead than the other 
two in beginning Six Sigma. These organizations have since 
achieved significant service improvements through 
implementation of Six Sigma to their different divisions. Through 
a series of structured interviews with Six Sigma project 
champions, team leaders, and members; project reports; public 
archives; and observations; this study explores the Six Sigma 
journey of these organizations. The results portray a list of 
success factors which led to the Six Sigma initiatives, the process 
of Six Sigma implementation through proper identification of 
critical-to-quality characteristics, tools and techniques, and the 
performance indicators which display the improvements due to 
Six Sigma. 
 
Index Terms–CSFs, CTQs, KPIs, Six Sigma  
 
I. INTRODUCTION 
In recent years Six Sigma as a quality improvement 
methodology is gaining considerable attention [11]. Initiated 
by Motorola in 1980s, the first wave of organizations to use 
Six Sigma includes Allied Signal, Texas Instruments, 
Raytheon, and Polaroid. In mid 1990s, General Electric (GE) 
popularized it and was followed by high profile adoption in 
organizations such as Sony, Dow Chemicals, Bombardier, and 
GSK. Though Six Sigma originated and gained popularity in 
manufacturing, but its initial adoption in the GE Medical 
Systems and the GE Capital Services proved its applicability 
to all operations, including services [5], [13]. Since then 
several service organizations such as J.P. Morgan, American 
Express, Citibank, Bank of America, Virtua Health, Lloyds 
TSB, etc. have implemented Six Sigma [5], [14].    
The literature on Six Sigma in services discuss mainly about 
critical success factors (CSFs), critical-to-quality 
characteristics (CTQs), set of tools and techniques (STTs), and 
key performance indicators (KPIs) [6], [7], [12]. The reasons 
behind the success of Six Sigma depends on some success 
factors as top management commitment; identification of 
process parameters i.e. CTQs; application of Six Sigma 
methodology, DMAIC (define, measure, analyze, improve, 
and control) and STTs; and identification of KPIs.  
CSFs are the essential ingredients required for success of 
Six Sigma projects in an organization [12]. The CSFs 
mentioned in some of the literature are summarized in Table I. 
TABLE I 
CRITICAL SUCCESS FACTORS 
Brady & Allen [8] Coronado & Antony 
[12] 
Kwak & Anbari [14] 
 Top management 
commitment 
 Team training 
 Data system 
 Structured approach 
 Forming the right 
team 
 Bottom line focus 
 Team involvement 
 Project selection 
 Customer focused 
 Right project 
leadership 
 Goal based 
approach 
 Change 
management 
 Adaptable system 
 Management 
involvement and 
commitment 
 Cultural change 
 Communication 
 Organization 
infrastructure 
 Training 
 Linking Six Sigma to 
business strategy 
 Linking Six Sigma to 
customer 
 Linking Six Sigma to 
human resources 
 Linking Six Sigma to 
suppliers 
 Understanding tools 
and techniques 
within Six Sigma 
 Project management 
skills 
 Project prioritization  
and selection 
 Management 
involvement and 
organizational 
commitment 
 Project selection, 
management and 
control skills 
 Encouraging and 
accepting cultural 
change 
 Continuous 
education and 
training  
CTQs can be defined as those quality dimensions which a 
Six Sigma project aims to improve. They are actually the 
product or service characteristics required to be met in order to 
satisfy a customer need [4], [8]. Some of the CTQs mentioned 
in literature from different services are: 
 Representative responsiveness 
 Patient preparation time 
 Timely and accurate claims reimbursement 
 Accuracy in allocation of cash 
 Accurate information to customers 
 Time-waiting time, treatment time 
KPIs or performance metrics mostly vary across service 
organizations. Though some common KPIs can be found in 
the literature such as cost of poor quality, efficiency, cost 
reduction, customer satisfaction, employee satisfaction, etc. 
[5], [6], [10].  
DMAIC is the widely applied methodology in Six Sigma. It 
involves application of various tools and techniques at 
different stages. The tools and techniques involved are not 
new; the methodology provides a framework for their 
systematic application [13]. The tools have clearly defined 
role and narrow scope whereas techniques have wider 
application requiring specific skills, creativity, and training 
[5]. Some of the most commonly used tools and techniques 
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mentioned in literature include: 
 Brainstorming 
 Process mapping 
 Fishbone diagram 
 Pareto analysis 
 Histogram 
 SIPOC (Supplier, Input, Process, Output, and 
Customer) 
 DOE (Design of Experiments) 
 FMEA (Failure Mode Effect Analysis) 
 SPC (Statistical Process Control) 
 QFD (Quality Function Deployment) 
The review of literature showed that Six Sigma 
implementation is still limited in services [5]. The literature 
about Six Sigma in services mainly focus on cases from 
healthcare and banking sectors of North America and Europe, 
with no prior study in developing or newly developed 
economies such as Singapore. There is also lack of academic 
rigour in literature on discussion about those cases. Most of 
these cases limit their discussion to application of DMAIC 
methodology. The study involving three service organizations 
thus tries to address these gaps, by critically analyzing their 
Six Sigma journey. 
The study discusses a list of success factors initiating Six 
Sigma. The focus is also on the process of Six Sigma 
implementation through proper identification of CTQs, STTs, 
and KPIs. 
II. CASE STUDIES 
A. Background 
Case studies involving three service organizations in 
Singapore are presented to highlight their Six Sigma journey. 
Information for the case studies was obtained from 
documentations and interviews. At the time of this study, these 
organizations have successfully completed several Six Sigma 
projects.  
The first organization is a hospital, which is a part of 
National Healthcare Group. The Group manages a network of 
hospitals, national centers, and polyclinics. The hospital was 
one of the seven public service organizations to participate in 
the pilot phase of the Singapore Government’s initiative of Six 
Sigma implementation in 2001.  
The second organization is a construction and related 
engineering service under Ministry of National Development. 
It is concerned with buildings, structures, and infrastructures 
in the surroundings that provide the setting for the 
community’s activities. In 2003, the organization joined other 
public service, in Six Sigma implementation.  
The last one is a consultancy service organization, 
established in 2001. It is a well recognized business solutions 
provider that offers academic courses, corporate training, 
consultancy, product testing, product and process development 
and improvement services, systems automation as well as 
product certification services.  
A strong quality culture is ingrained in this organization. 
They are already ISO 9000 certified and also use tools such as 
Quality Circles and 5S for improving their processes. The 
organization embarked on its Six Sigma journey in 2004.  
B. Six Sigma Journey 
The Chief Executive Officer (CEO) of the hospital through 
strong leadership initiated Six Sigma implementation. In early 
stages, the hospital was fortunate to have been handheld by 
GE Medical Systems. The implementation process started 
with Black Belt (BB) and Green Belt (GB) training for the 
employees. External consultants GE and QAI helped in the 
training for BBs and GBs. The training approach was to “do as 
you learn”, i.e. engaging the staff in the projects along with 
GB training. Improving patient turnaround time at the 
Specialist Outpatient Clinic was one of the first projects to be 
completed as a Six Sigma initiative. Since then the hospital 
has completed in between 20 to 30 projects with almost 100 
percent success rate.  
For the construction and related engineering service 
organization the implementation process started with briefing 
to top management, followed by their training through 
external consultant. The training period was for one day to 
create awareness about Six Sigma.  The top management 
included Director, CEO, Deputy CEO, Senior Managers, and 
Managers. Then BB training was provided to seven divisional 
heads. These divisional heads were then told to identify 
projects in their division and also the members. The selected 
members for the projects were then given GB training. 
External consultants helped in the training for champions and 
BBs, whereas, GBs were trained in-house. Initially seven 
projects were identified, out of which two projects were 
selected for pilot run. Improving CONQUAS assessment 
consistency and reducing the number of suspensions in 
TOP/CSC applications were the earliest projects to be 
completed as Six Sigma initiative. Till now the organization 
has completed in between 10 to 20 projects with around 75 to 
85 percent success rate. 
In case of the consultancy service organization, initially 
members were identified for BB training. The BB training was 
conducted by Singapore Quality Institute. These BBs were 
then told to identify projects and the members. The selected 
members for the projects were then given GB training in-
house by the BBs. One of the initial Six Sigma projects was by 
the Finance Department on cost reduction. Later other projects 
were initiated by Corporate Division and Testing Group. 
Some of the common criteria for selecting the projects by 
these organizations are: 
• Measurable financial benefits 
• Impact on business 
• Linking to company’s business strategy 
• Have high probability of success 
• Impact has to be far reaching 
A list of projects completed by these organizations is shown 
in Table II. 
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TABLE II 
LIST OF SIX SIGMA PROJECTS 
Organization Projects 
Hospital  To improve in-patient admission turnaround time at 
the Department of Emergency Medicine (DEM) 
 To reduce turnaround time for stat laboratory 
results from Specialist Outpatient Clinic (SOC) 
 To improve appointment lead-time for SOC 
 To reduce waiting time and turnaround time for 
emergency patients 
 Fewer lost calls, more happy customers at Dental 
Clinic 
 To reduce door-to-reperfusion therapy time for 
STEMI (ST-Elevation Myocardial Infarction) 
 To improve the conversion process at DEM 
 To reduce the procedure turnaround time in DEM 
 To improve Accident & Emergency (Walk in) 
patient cycle time 
Construction and 
Related Engineering 
Service 
 Reduction of the number of suspensions in 
TOP/CSC applications 
 Improve CONQUAS assessment consistency 
 Improve electronic submission front-end services 
and user friendliness to customers 
 Improve reliability of the lift’s automatic rescue 
device performance 
 Reduce water seepage in wet area floors 
 Improve the typical floor-to-floor cycle time for 
private high-rise residential project 
Consultancy Service  Increase savings from utility bill 
 
In case of all the three organizations top management 
believed in Six Sigma. They were convinced about its 
benefits. They also felt that this quality initiative could bring 
their respective organizations to an even higher level of 
quality. This prompted the top management decision to 
implement Six Sigma.  The objective for implementing Six 
Sigma was to improve not only their own internal processes 
but also to work closely with their customers, clients or 
industry partners to improve on their key processes and 
services. 
C. Data Collection Procedures 
Informants 
We interviewed overall 10 informants for this study from 
these three organizations, about their observations and 
experiences of Six Sigma implementation. Informants were 
drawn from different levels of management as shown in Table 
III.  The interviews involved five BBs, one GB, and four team 
members of projects. In case of the hospital, one of the BBs is 
the Director of Quality Management Office (QMO) and the 
other is the Head, (DEM). The other four informants are Staff 
Nurses with limited knowledge on Six Sigma. For the 
construction and related engineering service organization the 
BBs are; the Assistant Director of Corporate Development 
Division (CDD) and the Senior Development Officer, 
Technology Development Division (TDD). In consultancy 
service, the BB is the Consultant in Corporate Development 
Office and the GB is the Building Manager in Administration 
and Building Management Department. Though the 
informants were selected on the basis of personal contacts, 
they represented different levels of expertise, training, and 
experience of Six Sigma projects.  
TABLE III 
LIST OF INTERVIEWEES 
Organization Interviewee Designation 
Hospital I1 Director (QMO) 
 I2 Head (DEM) 
 I3 Staff Nurse       
 I4 Staff Nurse            All  are from DEM 
 I5 Staff Nurse 
 I6 Staff Nurse 
Construction 
and Related 
Engineering 
Service 
I7 Assistant Director (CORENET, CDD) 
I8 Senior Development Officer 
(CONQUAS Department, TDD) 
Consultancy 
Service 
I9 Consultant (Corporate Development 
Office) 
 I10 Building Manager (Administration and 
Building Management Department) 
Interviews  
We conducted structured interviews with all the informants. 
The questionnaire was sent to the informants prior to the 
interview, on their request. The structured questionnaire 
involved questions on the Six Sigma initiative, project 
selection, the Six Sigma implementation process, and the 
learning experience. As a part of Six Sigma initiative, we 
asked the informants about the reason they prefer Six Sigma 
over other initiatives, how the preparations were done, and 
what was their approach to training personnel. In project 
selection the informants were asked about the criteria of 
selection for the projects, factors involved in success of a 
project, and the reasons behind unsuccessful projects. For the 
implementation of Six Sigma, we asked them about their 
considerations on CTQs, STTs usage at different stages of 
DMAIC, selection criteria of STTs, and KPIs. We also asked 
the informants about their learning experience on the basis of 
Six Sigma’s relevance to their organization, problems faced 
during the implementation process, and how they overcame 
those problems. 
Participation in projects 
One of the researchers participated in two projects at the 
hospital, from initial stages. As a part of the team the 
researcher visited the organization once every week for four 
months and during that period participated regularly in their 
team meetings. This helped to understand how the projects are 
initiated and what preparations are done for team formation. 
The involvement in the project from define to improve stage 
helped in understanding the identification of CTQs, selection 
procedure of STTs, data collection and analysis, and practical 
problems faced at different stages of DMAIC. The researcher 
was also involved in the data analysis part which helped in 
interacting with the various members and finding out the 
purpose behind carrying out particular analysis. 
Documentation 
Information about Six Sigma implementation in these 
organizations is gathered also through different sources as 
websites, articles from newspapers, magazines and journals, 
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and from the reports and presentations of the completed 
projects. 
III. RESULTS AND DISCUSSION 
A. Data Analysis 
The analysis of the data involved different sources, 
transcripts of the interviews, participant observation, and 
documentary evidences. Initial analysis confirmed existence of 
CSFs, CTQs, STTs, and KPIs. Management support is clearly 
the most important of CSFs as it is not required only to initiate 
Six Sigma but also to help in smooth running of the projects. 
This was evidenced by the researcher who was involved in 
projects in the hospital. Whenever the project leader was 
present in the meetings, then only all team members were 
sincere in attending and discussing about the project. Another 
factor which is required for Six Sigma success is support of 
team members. All the three organizations considered for this 
study is unified on these two success factors. Examination of 
the data revealed time as the most important of CTQs. In case 
of KPIs, financial benefits, timely delivery, and customer 
satisfaction are the most common and consistent across the 
organizations. One notable observation from the interviews is 
ambiguity between the terms CTQ and KPI. The KPI is 
generally considered as key process input variable and is used 
interchangeably with CTQ.  
Closer analysis of data reveals variation across data sources 
on tools and techniques usage in different stages of DMAIC. 
For example, the interview transcripts mention usage of a 
number of STTs at different stages by the interviewees, 
whereas the evidences from documents show usage of lesser 
number of tools and techniques in projects. We infer two 
reasons behind this difference. One is because of the 
familiarity and ease of an individual with particular STTs 
usage, even though they have the knowledge of all tools and 
techniques. This is supported by the response from the 
Assistant Director in the construction and related engineering 
service organization. 
“Project leaders or members use the tools 
they are more familiar with. They won’t use 
the tools they are not confident with.” 
Second, it depends on factors such as the nature of business, 
the nature of projects, and the nature of collected data. As can 
be observed from the response of one of the informant:  
“There are some tools we do not use like, 
DOE. We do not due to the nature of our 
business. Certain tools we use are on data 
analysis and data organizations like bar 
charts, graphs etc. selection of tool depends 
on nature of project, on what kind of data is 
collected………” 
Overall, the analysis of data suggests the existence of 
constructs CSFs, CTQs, and STTs. The evidence of these 
constructs can be observed across different data sources of the 
three organizations.  
 
 
 
B. Findings 
The analysis of Six Sigma implementation in these 
organizations suggests the importance of success factors, 
CTQs, and STTs and thus confirms with the findings from 
literature. The information collected through interviews, 
personal observation, and archival sources are analysed and 
the findings are presented in Table IV. 
 
TABLE IV 
 SUMMARY OF FINDINGS 
 Hospital Public Service Consultancy 
CSFs  Management 
support 
 Support of team 
members 
 Cultural change 
 Management 
support 
 Cultural change 
 Support of 
team members 
 Management 
support 
 Support of team 
members 
CTQs  Time (cycle 
time,  service 
time, turnaround 
time) 
 Employee 
behaviour 
 Time (cycle 
time, service 
time) 
 Time to 
respond and 
restore 
customer 
complaints 
 Timely and 
accurate 
information to 
customer 
 Turnaround time 
 Service cost 
KPIs  Timely delivery 
 Customer 
satisfaction 
 Financial 
benefits 
 Customer 
satisfaction 
 Financial 
benefits 
 Timely delivery 
STTs Define 
 Project charter 
 Process 
map/Flow chart 
 SIPOC diagram 
 VOC analysis 
Measure 
 Pareto diagram 
 Run chart 
Analyze 
 Cause and effect 
diagram 
 Process 
map/Flow chart 
 FMEA  
 Data analysis 
(Descriptive 
statistics) 
Improve 
 Creative 
thinking 
 5 why analysis 
Control 
 FMEA 
 Statistical 
process control 
Define 
 Project charter 
 Process 
map/Flow chart 
 SIPOC diagram 
 VOC analysis 
Measure 
 Pareto diagram 
 Descriptive 
statistics 
Analyze 
 Cause and 
effect diagram 
 FMEA 
 Hypothesis 
testing 
 Data analysis 
(Descriptive 
statistics) 
Improve 
 Brainstorming 
 5 why analysis 
Control 
 Statistical 
process control 
Define 
 Project charter 
 Process 
map/Flow chart 
 Stakeholder 
analysis 
Measure 
 Pareto diagram 
 Histogram 
Analyze 
 Cause and effect 
diagram 
 FMEA 
 Brainstorming 
 Root cause 
analysis 
 Data analysis 
(Descriptive 
statistics) 
Improve 
 Force field 
analysis 
 Cost benefit 
analysis 
 5 why analysis 
Control 
 Statistical 
process control 
The above table shows that though the service organizations 
are different still there are similarities in CSFs, CTQs, STTs, 
and KPIs among them. There are some differences in usage of 
tools and techniques used by these organizations. The use of 
hypothesis testing in case of construction and related 
engineering services is due to similar nature of some projects 
with those of manufacturing. The term KPI is interpreted in a 
different way by the practitioners. This shows the need for 
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rethinking on the term KPI. The analysis of data source 
provides further revelations about Six Sigma implementation 
in services. These additional findings are related to the 
practical problems faced by the organization for implementing 
as well as sustaining the Six Sigma program. Some of the 
problems identified are: 
a) Data Collection 
This is one of the most serious problems faced by the 
organizations. In case of manufacturing the data is readily 
available but not so in case of services. The Building 
Manager of the consultancy service organization 
mentioned during the interview session. 
“In service I think so far the most difficult is 
data collection, if you talk about 
manufacturing they have data around. 
Services are volatile………difficult to get 
data.” 
Similar difficulty is also mentioned by the Assistant 
Director of construction and related engineering services. 
According to him the nature of data to be collected for 
improvement makes it difficult. For example, collection 
of customer complaints in using an online system can be a 
data. But as an organization it will be better if these 
complaints are less. So, from organization’s perspective 
no complaints is required but as a team member of Six 
Sigma project it is favorable to have more complaints to 
help in tracking the problem and solving it. 
b) Insufficient resources 
Another problem that is observed from the data is about 
Six Sigma projects being done part-time. This is uniform 
for all the three service organizations included in this 
study. As evidenced by the following response from the 
Building Manager of the consultancy service 
organization. 
“We are still holding on our jobs, this is our 
primary role. Normally we have to reach out 
of our time, i.e. unlike manufacturing where 
they have full-time.”  
This part-time involvement in Six Sigma projects 
generally results in stretching the resources such as time 
and manpower.  
Along with the above mentioned problems there are some 
others such as deciding upon the scope of project, attaching 
incentives to the successfully completed Six Sigma projects, 
quantification of savings, extension of project timeline, and 
staff turnover.  
IV. CONCLUSION 
The primary aim of this study was to explore success 
factors which led to the Six Sigma initiative, the process of 
Six Sigma implementation through proper identification of 
CTQs and STTs, and the performance indicators which 
display the improvements due to Six Sigma. Our results 
identify different CSFs, CTQs, and STTs which influence Six 
Sigma implementation. In the following section we will 
discuss the contributions from the present study and 
limitations. 
A. Implications 
Using the grounded theory approach proposed by Glaser 
and Strauss [1], we started with CSFs, CTQs, KPIs, and STTs, 
looked into the Six Sigma journey of three service 
organizations through various data sources, and found that the 
constructs are consistent with the literature. This study is 
about analysis of Six Sigma is implemented in service 
organizations. The findings of the study provide an 
understanding of the different aspects of Six Sigma 
implementation, which can help in extending it to different 
service organizations.  
Our study supports the idea that, management support is the 
most important of success factors and it is not important only 
for initiating Six Sigma but also required for overcoming the 
problems faced by team members during Six Sigma project. 
As mentioned by one of the participant:  
“………for Six Sigma to succeed 
management commitment is very important. 
Management must not only support Six 
Sigma but they must show that they are into 
it. There are some problems, some obstacles 
along the way which the team members at 
their level cannot resolve, so management 
has to step in.”  
The findings also suggest that support of team members and 
cultural change as important success factors, while 
implementing Six Sigma. In case of CTQs; time is found as 
the most important of process parameters to improve, while 
financial benefits and customer satisfaction as most important 
KPIs.  
Uniformity in tools and techniques usage is also observed 
across organizations. This uniformity depends on nature of 
business, nature of projects, nature of collected data, and the 
familiarity and convenience of project leaders and team 
members with the usage of certain cluster of tools and 
techniques. This is an important finding, as it can be extended 
to other types of service organizations to see the applicability 
of same tools and techniques to projects of similar nature. This 
will help in defining uniform STTs for Six Sigma 
implementation for different service organizations. 
Our study also has practical implications. One of the 
significant implications from the finding is the extension of 
theoretical framework to practical application. Sets of CSFs, 
CTQs, and tools and techniques can act as guideline for the 
managers while implementing Six Sigma. The discussion with 
the informants also suggests that Six Sigma is relevant to 
service organizations and its success depends on executing 
really challenging projects. As mentioned by the Assistant 
Director of construction and related engineering services. 
“………full blown success of Six Sigma will 
be good only when there is very challenging 
projects.” 
This is an encouraging finding as it shows wider 
applicability of Six Sigma with projects not limited to solving 
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just simple problems but complex technical problems specific 
to service organizations.  
The study also helps in understanding the practical 
problems faced in service organizations during Six Sigma 
implementation. First is the problem of data collection. In 
manufacturing the data are readily available but for services 
gathering data is time consuming. Second, unlike 
manufacturing, in services there are no full-time BBs. They 
are also responsible for day-to-day work of the organization. 
This is also applicable for the GBs who are involved in the 
project. This is one of the major obstacles faced during Six 
Sigma projects. Third, it is sometimes difficult to identify 
projects year after year. The projects can be identified for first 
few years but number decreases gradually. Lastly, the problem 
faced due to team members leaving in the middle of a project. 
These limitations show while suggesting Six Sigma for 
service organizations it is better to understand the specific 
problems and requirements of service organizations rather 
than following a pattern of implementation similar to 
manufacturing.   
B. Limitations 
Although this study has generated a new understanding on 
the topic through a combination of interviews, articles, and 
reports and presentations of the completed projects, still the 
work has the inherent limitations of a case study. As much of 
the data collected is retrospective, based on recollection of 
past events, thus it is subjected to problems inherent to 
memory. Though, this limitation was tried to overcome by 
combining retrospective and longitudinal study; as done in 
case of hospital, to enhance construct, external, and internal 
validity [2].  
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